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The	
  T>0	
  QQ	
  poten5al	
  from	
  la7ce	
  QCD	
  

Complex	
  in-­‐medium	
  heavy	
  QQ	
  poten.al	
  from	
  effec.ve	
  field	
  theory	
  in	
  real-­‐5me:	
  NRQCD	
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  therein	
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Connec.on	
  to	
  Euclidean	
  laHce	
  QCD	
  via	
  spectral	
  func5ons:	
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Z1

-1
d! e-i!t⇢(r,!) W(r, ⌧) =

Z1

-1
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  Method:	
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  prior,	
  analy.c	
  treatment	
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Y.Burnier,	
  A.R.	
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  (2013)	
  18,	
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Extrac5on	
  strategy	
  summary	
  

τ	
  

Bayes	
  
ω	
  

r	
  

ρ(r,	
  ω)	
  log[W(r,	
  τ)]	
  

β	
  

VQQ(r)	
  

R	
  

Peak	
  Fit	
  r0	
  

r1	
  

r2	
  

r0	
  
r1	
  

r2	
  
r0	
   r1	
   r2	
  

Re[V(r)]	
  

Im[V(r)]	
  

A.R.	
  Mod.	
  Phys.	
  Lea.	
  A,	
  28,	
  1330005	
  (2013)	
  	
  

From	
  Euclidean	
  laHce	
  QCD	
  correlators	
  to	
  the	
  complex	
  heavy	
  quark	
  poten.al	
  

Technical	
  detail:	
  	
  Wilson	
  Line	
  correlators	
  in	
  Coulomb	
  gauge	
  instead	
  of	
  Wilson	
  loops	
  	
  
	
  

Prac.cal	
  reason:	
  	
  Absence	
  of	
  cusp	
  divergences,	
  hence	
  less	
  suppression	
  along	
  τ	
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Two	
  projects	
  for	
  VQQ	
  from	
  the	
  la7ce	
  

Quenched	
  laHce	
  QCD:	
  anisotropic	
  laHces	
  with	
  naïve	
  Wilson	
  ac.on	
  323xNτ	
  

Nτ	
   24	
   32	
   40	
   48	
   56	
   64	
   72	
   80	
   96	
  

T/TC	
   3.11	
   2.33	
   1.86	
   1.55	
   1.33	
   1.17	
   1.04	
   0.93	
   0.78	
  

Nmeas	
   2750	
   1570	
   1680	
   1110	
   760	
   1110	
   700	
   940	
   690	
  

Fixed	
  scale	
  approach:	
  	
  	
  β=7.0	
  	
  	
  	
  ξ=as/aτ=4	
  	
  	
  	
  as=0.039fm	
  

Focus:	
  Achieve	
  a	
  large	
  number	
  of	
  .me	
  steps	
  for	
  accurate	
  spectral	
  width	
  reconstruc.on	
  	
  

with	
  Y.	
  Burnier	
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   6.90	
   7.00	
   7.125	
   7.25	
   7.30	
   7.48	
  

T/TC	
   0.85	
   0.94	
   1.04	
   1.18	
   1.33	
   1.39	
   1.64	
  

a	
  [fm]	
   0.111	
   0.100	
   0.090	
   0.080	
   0.071	
   0.068	
   0.057	
  

Nmeas	
   1295	
   1340	
   1015	
   840	
   1620	
   1150	
   1130	
  

Dynamical	
  laHce	
  QCD:	
  isotropic	
  laHces	
  with	
  asqtad	
  ac.on	
  483x12	
  (HotQCD)	
  

Fixed	
  scale	
  approach:	
  	
  	
  β=7.0	
  	
  	
  	
  ξ=as/aτ=4	
  	
  	
  	
  as=0.039fm	
  

Focus:	
  Achieve	
  a	
  large	
  number	
  of	
  .me	
  steps	
  for	
  accurate	
  spectral	
  width	
  reconstruc.on	
  	
  

Focus:	
  Effect	
  of	
  light	
  fermion	
  on	
  in-­‐medium	
  QQ	
  interac.ons	
  i.e.	
  Re[V]	
  	
  

A.
	
  B
az
av
ov
	
  e
t.	
  
al
.	
  	
  

PR
D	
  
85
	
  (2

01
2)
	
  0
54
50
3	
  

with	
  Y.	
  Burnier	
  

with	
  O.	
  Kaczmarek	
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Towards	
  VQQ(r)	
  on	
  quenched	
  la7ces	
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   PRELIMINARY	
  

Bayesian	
  reconstruc5on:	
  
Nω=3000,	
  Iωnum=[-­‐12,25]	
  
τmax

num=20,	
  m(ω)=const.	
  
512bits	
  precision,	
  Δmin=10-­‐60	
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Iden.fy	
  the	
  lowest	
  lying	
  peak	
  and	
  fit	
  its	
  shape	
  over	
  the	
  Full-­‐Width	
  at	
  Half	
  Maximum	
  

Bayesian	
  reconstruc5on:	
  
Nω=3000,	
  Iωnum=[-­‐12,25]	
  
τmax

num=20,	
  m(ω)=const.	
  
512bits	
  precision,	
  Δmin=10-­‐60	
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Debye-­‐Hückel	
  Fit	
  of	
  the	
  Debye	
  mass	
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Debye-­‐Hückel	
  Fit	
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  mass	
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Debye-­‐Hückel	
  Fit	
  of	
  the	
  Debye	
  mass	
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Phenomenological	
  fit	
  form	
  for	
  Coulomb	
  and	
  string	
  screening	
  	
  

FDH(r, T) =
�

mD(T)

h �(1/4)

23/2�(3/4)
-

p
mD(T)r

23/4�(3/4)
K1/4(m

2
D(T)r2)

i
-

↵

r

⇥
e-mD(T)r +mD(T)r

⇤

S.Digal	
  et.al.	
  EPJ	
  C43	
  (2005)	
  71-­‐75	
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Debye-­‐Hückel	
  Fit	
  of	
  the	
  Debye	
  mass	
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Imaginary	
  part	
  at	
  finite	
  temperature	
  

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7

Im
[V

] 
[G

e
V

]

r [fm]

209.7 MeV
251.6 MeV
279.6 MeV
314.6 MeV
359.5 MeV
419.4 MeV
503.3 MeV
629.1 MeV
838.8 MeV

PRELIMINARY	
  

Im[VQQ]	
  related	
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  width:	
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Imaginary	
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  at	
  finite	
  temperature	
  

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7

Im
[V

] 
[G

e
V

]

r [fm]

209.7 MeV
251.6 MeV
279.6 MeV
314.6 MeV
359.5 MeV
419.4 MeV
503.3 MeV
629.1 MeV
838.8 MeV

PRELIMINARY	
  

Im[VQQ]	
  related	
  to	
  width:	
  need	
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  #	
  of	
  datapoints	
  and	
  high	
  signal/noise	
  

The	
  smaller	
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  earlier	
  the	
  (ar.ficially)	
  strong	
  rise	
  above	
  HTL	
  sets	
  in	
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Imaginary	
  part	
  at	
  finite	
  temperature	
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  small	
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  good	
  agreement	
  with	
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  down	
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  1.17TC	
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Imaginary	
  part	
  at	
  finite	
  temperature	
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Towards	
  VQQ(r)	
  on	
  dynamical	
  la7ces	
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Towards	
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Bayesian	
  reconstruc5on:	
  
Nω=4000,	
  Iωnum=[-­‐12,25]	
  
τmax

num=20,	
  m(ω)=const.	
  
512bits	
  precision,	
  Δmin=10-­‐60	
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Towards	
  VQQ(r)	
  on	
  dynamical	
  la7ces	
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A	
  brief	
  look	
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Conclusion	
  

Established	
  approach	
  to	
  the	
  sta.c	
  in-­‐medium	
  heavy	
  quark	
  poten.al	
  VQQ(r):	
  

Defini.on	
  from	
  QCD	
  via	
  effec.ve	
  field	
  theory	
  NRQCD:	
  Wilson	
  loops/lines	
  at	
  late	
  real-­‐.me	
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  func.ons	
  reliably	
  extracted	
  with	
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  Bayesian	
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  method.	
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Current	
  status	
  of	
  first	
  principles	
  laHce	
  QCD	
  input	
  for	
  QQ	
  real-­‐5me	
  evolu5on	
  
VQQ(r)	
  in	
  the	
  QGP	
  is	
  complex:	
  Re[VQQ]	
  close	
  to	
  F1,	
  Im[VQQ]	
  close	
  to	
  HTL	
  @	
  T>TC	
  	
  



XXXII	
  Interna.onal	
  Symposium	
  on	
  LaHce	
  Field	
  Theory	
  

IN-­‐MEDIUM	
  HEAVY	
  QUARK	
  POTENTIAL	
  FROM	
  LATTICE	
  QCD	
  

42	
  

Conclusion	
  

Established	
  approach	
  to	
  the	
  sta.c	
  in-­‐medium	
  heavy	
  quark	
  poten.al	
  VQQ(r):	
  

Defini.on	
  from	
  QCD	
  via	
  effec.ve	
  field	
  theory	
  NRQCD:	
  Wilson	
  loops/lines	
  at	
  late	
  real-­‐.me	
  

Thank	
  you	
  for	
  your	
  aaen5on	
  

Findings	
  for	
  the	
  real	
  part	
  Re[VQQ]:	
  	
  
Nf=0	
  &	
  Nf=2+1:	
  Re[VQQ]	
  agrees	
  with	
  the	
  color	
  singlet	
  free	
  energies	
  F1	
  in	
  CG	
  within	
  errors.	
  

Nf=0:	
  screening	
  masses	
  from	
  Debye-­‐Hückel	
  fit	
  and	
  HTL	
  in	
  good	
  agreement	
  

Findings	
  for	
  the	
  imaginary	
  part	
  Im[VQQ]:	
  	
  
Nf=0:	
  for	
  r<0.35fm	
  close	
  to	
  HTL	
  values	
  down	
  to	
  shortly	
  above	
  TC.	
  

Connec.on	
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